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Description 

BACKGROUND OF THE INVENTION 

5 The subject invention relates to the field of osteogenic proteins and pharmaceutical formulations thereof. More par- 
ticularly, the subject invention involves pharmaceutical formulations designed to sequester osteogenic protein in-sftu for 
a time sufficient to allow the protein to induce cartilage and/or bone formation. 

Osteogenic proteins are those proteins capable of inducing, or assisting in the induction of cartilage and/or bone 
formation. Many such osteogenic proteins have in recent years been isolated and characterized, and some have been 

to produced by recombinant methods. For example, so-called bone morphogenic proteins (BMP) have been isolated from 
demineralized bone tissue (see e.g. Urist U.S. 4,455,256); a number of such BMP proteins have been produced by 
< recombinant techniques (see ag. Vvang et al. U.S. 4,877,864 and Wang et al. U.S. 5.013.549); a family of transforming 
growth factors (TGF-a and TGF-p) has been identified as potentially useful in the treatment of bone disease (see ag. 
Derynck et al., EP 154,434); a protein designated Vgr-1 has been found to be expressed at high levels in osteogenic 

is cells (see Lyons et al. (1989) Proc. Natl. Acad. Set. USA 86, 4554-4558); and proteins designated OP-1, COP-5 and 
COP-7 have purportedly shown bone inductive activity (see Oppermann, et al. US. 5,001 ,691). 

Various attempts have been made at developing formulations designed to deliver osteogenic proteins to a site 
where induction of bone formation is desired. For example, certain polymeric matrices such as acrylic ester polymer 
(Urist, U.S. 4,526,909) and lactic acid polymer (Urist U.S. 4,563,489) have been utilized, but these formulations do not 

20 sequester the osteogenic protein for a time sufficient to optimally induce bone formation and further have been found 
to erode too slowly for optimal bone formation. 

A biodegradeable matrix of porous particles for delivery of an osteogenic protein designated as OP is disclosed in 
Kuberasampath, U.S. 5,108.753. While US 5.108,753 discloses that a successful carrier for OP must bind the protein, 
act as a slew release delivery system, accommodate each step of the cellular response during bone development and 

25 protect the protein from nonspecific proteolysis, no formulations are suggested which contain components that specif- 
ically sequester the OP at the site where bone formation is desired. 

Okada et al.. US 4,652,441 , US 4,71 1 ,782, US 4,91 7,893 and US 5.061 .492 and Mimamoto et a)., US 4.954,298 
disclose a prolonged-release microcapsule comprising a polypeptide drug and a drug-retaining substance encapsu- 
lated in an inner aqueous layer surrounded by a polymer wall substance in an outer oil layer. Although bone morpho- 

so genie protein is listed as a polypeptide capable of such a formation, microencapsulation of osteogenic proteins prevents 
controlled release of such protein sufficient for optimal bone formation. 

EP-A2-0 145 420 discloses a method for producing microcapsules. Said microcapsules are prepared as a water- 
in-oil emulsion comprising an inner aqueous layer containing a drug and a drug retaining substance and an oil layer 
containing a polymer substance. The microcapsules do not contain an osteogenic protein sequestering agent 

35 Collagen matrices have also been used as delivery vehicles for osteogenic proteins (see ag. Jeffries, US. 
4,394,370), but collagen frequently causes undesirable antigenic reactions in patients. Therefore, there remains a need 
for a pharmaceutical formulation capable of sequestering osteogenic proteins at a site where induction of bone forma- 
tion is desired for a time sufficient to allow safe, effective induction of such bone formation. 

40 SUMMARY OF THE INVENTION 

In one embodiment the subject invention provides a composition comprising a pharmaceutical^ acceptable 
admixture of an osteogenic protein; a polymer matrix component selected from the group consisting of poly(lactic acid). 
poly(glycolic acid), and copolymers of lactic acid and glycolic acid; and an osteogenic protein-sequestering alkylceflu- 
45 losa 

In another embodiment, the subject invention provides a composition comprising a pharmaceutically acceptable 
admixture of an osteogenic protein; a polymer matrix component selected from the group consisting of pdy(lactic acid), 
poly(glycolic acid), and copolymers of lactic acid and glycolic add; and an osteogenic protein-sequestering agent 
selected from the group consisting of hyaluronic acid, alginate, polyethylene glycol), polyaxyethylene oxide, carboxyvi- 

so nyl polymer, and poly(vinyl alcohol). 

In another embodiment, the subject invention provides a composition comprising polymeric particles having a 
spherical diameter of between about 150 and 850 \w\ [microns] and a porosity such that the surface area of the parti- 
cles is between about 0.02 and 4 nAg, wherein the polymer is selected from the group consisting of polyflactic acid), 
polyfalycolic acid), and copolymers of lactic acid and glycolic acid; optionally in admixture with osteogenic protein. 

55 In yet another embodiment the subject invention provides a composition comprising a pharmaceutically accepta- 
ble admixture of osteogenic protein and an effective solubilizing amount of a member selected from th group consist- 
ing of arginine, histidine, dextran sulfate, gamma-amino butyric acid, beta-ami no propionic acid, glycine-glycine, glycine 
ethyl ester, histidine ethyl ester, lysine methyl ester, arginine methyl ester, guanitine, sodium chloride, heparin, lysine, 
beta-alanine ethyl ester and agmatina 
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DETAILED DESC RIPTION OF THE INVENTION 

The osteogenic proteins useful in the practice of the subject invention are well known to those skilled in the art and 
include those discussed abova The preferred osteogenic proteins for us herein are those of the BMP class identified 

5 as BMP-1 through BMP-8 in U.S. 4,877.864; U.S. 5,013,649; WO 90/11366 published October 4, 1990; and WO 
91/1 8098 published November 28, 1 991 . The most preferred is BMP-2, the mature protein sequence beginning with the 
amino acid Gin at nucleotide 1202 and ending with the amino acid Arg at nucleotide 1543, as descrfoed in detail in the 
'649 patent Of course, combinations of two a more of such osteogenic proteins may be used, as may fragments of 
such proteins that also exhfort osteogenic activity and heterodimeric forms of such proteins. Recombinant proteins are 

w preferred over naturally occurring isolated proteins. The amount of osteogenic protein useful herein is that amount 
effective to stimulate increased osteogenic activity of infiltrating progenitor cells, and will depend upon the size and 
nature of the defect being treated as discussed in more detail below, such amounts being orders of magnitude less than 
the amount of polymer matrix employed, preferably in the range of 1 -50 ng of protein for each 10 mg of polymer matrix 
employed and more preferably in the range of 0.5 - 5 no protein for each mg of polymer matrix employed. 

is The osteogenic proteins can be utilized in the form of a pharmaceutical ly acceptable solution or in fyophDized form. 
In either case it is optimal to stabilize and solubilize the osteogenic protein, preferably at concentrations of at least 1 
mg/ml so that a pharmaceutical effective amount of protein can be delivered without undue volumes of earner solution 
being necessary. However, a problem exists in that osteogenic proteins, particularly those of the BMP family, have 
proven to be difficult to solubilize. As detailed in the examples below, it has been discovered that amino acids having a 

20 net positive charge (e.g. net 1+ species such as arginine, histidine, lysine and the ethyl esters of glycine and beta- 
alanine), preferably a net 2+ charge (ag. the ethyl ester of histidine, the methyl esters of lysine and arginine, and agma- 
tine), are useful in this regard. Amino acids having a net zero charge are useful in this regard provided that the positive 
charge of the compound is sufficiently distant (at least 2*3 Cr-fe units away) from the neutralizing negative charge (ag. 
net neutral species such as gamma-amino butyric acid, beta-amino propionic acid and glycine-glycine dipeptide). Other 

25 solubilizing agents useful herein include dextran sulfate, guanidine, heparin and sodium chloride. For use in solubilizing 
BMP-2, the preferred solubilizing agents are arginine and histicfine (including esters thereof). Arginine is used in con- 
centrations of about 50-600 mM, preferably 300-500 mM. Histidine may be added to arginine to solubilize BMP-2, in 
concentrations of about 1 -1 00 mM, preferably 1 0-50 mM. When histidine is used alone as a solubilizing agent, it is used 
in concentrations of about 50-600 mM, preferably 300-500 mM. Various well known methods may be used to compound 

30 the osteogenic protein and solubilizing agents for use herein, including but not limited to ultrafiltration, dialysis, gel fil- 
tration, and hydrophobic interaction chromatography. 

The polymer matrix component useful in the practice of the subject invention is a polymeric material that can be 
formed into porous particles as described below thereby providing in-situ scaffolding tor the osteogenic protein, while 
having biodegradable properties allowing for replacement by new bone growth. Examples are polymers of amino acids, 

35 orthoesters, anhydrides, propyl ene-co-fumarates, or a polymer of one or more a-hydroxy carboxylic acid monomers, 
ag. a-hydroxy acetic acid (glycolic acid) and/or a-hydraxy propionic acid (lactic acid). The latter can be employed in its 
d- or i- form, a as a racemic mixture, the racemic mixture being preferred. When a copolymer of lactic acid and glycolic 
acid is employed (PLGA), the molar ratio of monomers can range from 1 :99 to 99:1 depending upon the desired bioero- 
<. sion lifetime which in turn depends upon the clinical indication being addressed, as more than 50% of either monomer 

40 gives longer bioerosion lifetime (slower biodegradation). The molecular weight of the polymer can range from about 
1,000 to 100,000 with 30,000-50,000 being preferred when a 50:50 copolymer is employed. The higher the molecular 
weight the slower the biodegradation. 

The polymeric matrix component of the subject invention is used in the form of highly porous to hollow (with surface 
porosity) particles, hereinafter collectively referred to as "porous particles." These porous particles are generally spher- 
es ical having diameters of 1 50 to 850 jtm [microns]. This particle size creates sufficient spacing between particles to allow 
mammalian osteoprogenitor cells to infiltrate and be positively influenced by the osteogenic protein (evidenced by an 
increase in osteogenic activity/bone growth rate). 

While it has generally been postulated that particles suitable as matrices for delivery of osteogenic proteins should 
be porous, the extent of porosity necessary to optimally induce bone formation has not previously been studied. The 

so present inventors have discovered that the average surface area per porous particle is critical to optimize bone forma- 
tion. Specifically, porous particles useful in bone formation according to the present invention should have an average 
surface area of from about 0.02 to 4 rrr^/g. The present inventors have further discovered that it is possible to produce 
porous particles having the desired surface area by introducing a "porosigen" (composition capable of imparting poros- 
ity by increasing particle surface area) into the solution used to produce the porous particles, ft is also possible to corv 

55 trol the bioerosion rate by subjecting the porous particles to sterilizing doses of y radiation. The higher the y radiation 
dose, the faster the bioerosion. 

The method of producing porous particles in accordance with the subject invention and discussed hereinbelow 
results in particles having a porosity such that the surface area of the particles is increased about 2-250 fold over the 
surface area of non-porous particles of comparable siza More specifically, ag., non-porous PLQA particles having an 
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average size of 400^m have a surface area of 0.018 rrr^/g. In contrast, PLQA particles useful in the subject invention 
made utilizing 50% Nad as a porosigen have a surface area of between about 0.2 and 0.6 nrf/g; and particles made 
using sucrose as a porosigen have a surface area of between about 0.04 and 0.09 rrfrg as described in Example 1. 
PLQA particles of the present invention made using liquid porosigen with homogenization as described in Example 2 

5 have a surface area of between about 0.02 and 4 rrfrg. 

. A preferred method of production of the porous particles of the invention is, generally speaking, a solvent evapora- 
tion process comprising dissolving the polymer (in e.g. CH2CI2). and adding a porosigen such as NaCt, mannitol or 
sucrose in solid and/or liquid form. When porosigen is added in solid form, the matrix-porostgen solution takes the form 
of a suspension. Another preferred method of production of the porous particles of the invention is a solvent extraction 

10 method, wherein the porosigen is added in liquid form with cxxicornitant homogenization. When porosigen is added in 
liquid form with homogenization. the matrix-porosigen solution takes the form of an emulsion. With either method, the 
matrix-porosigen emulsion is added to an excess aqueous solution containing surfactant such as poly(vinyl alcohol) 
with controlled stirring and temperatura The resultant porous particles are hardened by extracting or evaporating resid- 
ual solvent, and dried. 

15 The porous nature of the particles of the present invention creates sufficient surface area for protein adsorption and 
increases biodegradation. the desirable extent of both being dependent upon the clinical indication being addressed. 
Surface area can be measured by any conventional technique. For example. BET surface area analysis can be 
employed using a Micrometrics ASAP 2000 system as is explained in more detail in Examples 1 and 2 below. The 
amount of porous particles used to treat a particular defect will, of course, depend upon the size of the defect being 

20 treated, and on the effective amount required to adsorb the osteogenic protein. 

The osteogenic protein-sequestering materia) useful in the practice of the subject invention is a pharmaceutically 
acceptable material having a viscosity and polarity such that, when added to an osteogenic protein/porous particle 
combination, a malleable (putty-like) composite is formed that handles appropriately for surgical implantation into an 
injury site. Adcfing the sequestering agent to the combination of broerodible porous particles plus osteogenic protein 

25 contains the adsorbed protein within the matrix for a time sufficient to allow the protein to increase the otherwise natural 
rate of osteogenic activity of the infiltrating mammalian progenitor cells. The sequestering material further allows the 
osteogenic protein to diffuse from the malleable composite over a time interval appropriate for optimally increasing the 
rate of osteogenic activity of the progenitor cells. In the absence of such a sequestering material, osteogenic protein 
desorbs from the PLQA particles in-situ at a rate such that the osteoinducing effect of the protein is not clinically signif- 

so icant 

A preferred family of sequestering agents is cellulosic materials such as alkytcellulose (including hydroxyalkylcellu- 
lose), including methylcellulose, ethytcellulose, hydroxy ethylcellulose, hydroxypropyicellulose, hydroxypropyl-mettTytcel- 
lulose, and carboxymethylcellulose, the most preferred being the cationic salts of carboxymethylcellulose (CMC). Other 
preferred sequestering agents include hyaluronic acid, sodium alginate, polyethylene glycol), polyoxyethylene coode, 

35 carboxyvinyl polymer and poly(vinyl alcohol). The amount of sequestering agent useful herein is 0.5-20 wt%, preferably 
1-10 wt% based on total formulation weight, which represents the amount necessary to prevent desorbtion of the oste- 
ogenic protein from the polymer matrix and to provide appropriate handling of the composition, yet not so much that the 
progenitor cells are prevented from infiltrating the matrix, thereby providing the protein the opportunity to assist the 
osteogenic activity of the progenitor cells. 

40 Additional optional components useful in the practice of the subject application include, ag. cryogenic protectors 
such as mannitol. sucrose, lactose, glucose, or glycine (to protect the osteogenic protein from degradation during 
lyophilization), antimicrobial preservatives such as methyl and propyl parabens and benzyl alcohol; antioxidants such 
as EDTA, citrate and BHT (butylated hydroxytoluene); and surfactants such as poty(sorbates) and pory(oxyethylenes); 
etc. 

45 According to the present invention, the osteogenic protein is not included in the PLQA polymerization solution or 
encapsulated in PLQA microcapsules but is added to the already polymerized porous particles, ft is preferable to add 
the porous particles to the solution of osteogenic protein prior to addition of sequestering agent in order to allow the 
protein to adsorb onto the particles. Of course, the traditional preparation of formulations in pharmaceutically accepta- 
ble form (i.e. pyrogen free, appropriate pH and isotonicity, sterility, etc.) is well within the skill in the art and is applicable 

so to the formulations of the subject invention. The formulations may be provided to the clinic as a single vial formulation, 
. either as a solution or in lyophilized form, or the formulation may be provided as a rnulticomponerrt kit wherein, e.g. the 
osteogenic protein is provided in one vial and the porous particles and sequestering agent are provided in a separate 
vial or vials. 

As seen in Examples 4 and 5 below, the formulations of the subject invention provide malleable implants that allow 
55 therapeutically effective amounts of osteoinductive protein to be delivered to an injury site where cartilage and/or bone 
formation is desired. Such an implant may be used as a substitute for autologous bone graft in fresh and non-union frac- 
tures, spinal fusions, and bone defect repair in the orthopaedic field; in aanic/maxillofacial reconstructions; for prosthe- 
sis integration, especially as a surface coating; in osteomyelitis for bone regeneration, and in the dental field for erosion 
of the alveolar ridge and periodontal disease. In certain of these uses, the compositions of the subject invention may be 
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used in combination with various bone cements, including enxfible bone cements such as pc^(propylene-co-furnarate). 
The lower viscosity formulations may also be used as a percutaneous injection to accelerate healing of closed fractures. 
As alluded to above, the dosage regimen will be determined by the dinical indication being addressed, as well as by 
various patient variables (ag. weight age, sex) and clinical presentation (e.g. extent of injury, site of injury, etc.). 

5 Currently, fresh autogeneic bone is widely used as a bone graft material. The limited supply of autogeneic bone, 
along with the necessity for an additional harvesting surgical procedure, constitute major disadvantages in use of 
autogeneic bone for bone grafting. In accordance with the present invention, the porous particles of the invention may 
be added to autogeneic bone to extend the amount of material available for bone grafting. The porous particles may 
also be used in combination with a sequestering agent as a substitute for bone wax at the site of a bony injury to act as 

w a bioerodible hemostat. 

EXAMPLES 

All components utilized in these examples are pharmaceutical grade. The polymeric particle component was made 
75 from a 50:50 (molar) random copolymer of lactic add and glycolic acid (PLGA) having a weight average molecular 
weight of 30,000-60,000, a number average molecular weight of about 20,000 (by gel permeation chromatography rel- 
ative to polystyrene standards), and an inherent viscosity of 0.35-0.45 dL/g. The osteogenic protein utilized was rBMP- 
2. The production and characterization of rBMP-2 is described in detail in the above-referenced US 5,013,649. The 
sequestering agents utilized induded carboxymethyl -cellulose, hydraxypropytmethyl cellulose, socfium alginate, 
so hyaluronic add, and poly(ethylene glycol). The carboxymethylcellulose (CMC) utilized contained 0.7 degree of substi- 
tution (carboxymethyl groups per hydroxy group on cellulose) and had a viscosity of 2480 cos. 

EXAMPLE 1 - PR EPARATION OF POROUS PARTICLES BY SOLVENT EVAPORATION TECHNIQUE 

25 PLGA was dissolved in Cl-feCfe (15% w/v), and 10 g porosigen (7.5% w/v) was suspended in this solution. The 
resulting solution was added to an excess polyvinyl alcohol) aqueous solution (0.1% w/v). After a few hours of stirring 
under partial vacuum (24 inches Hg), the partides were hardened in excess cold ethanol (95%). The resulting particles 
were washed with water for injection and vacuum dried to give a free-flowing product. BET surface area analysis was 
performed using a Micrometrics ASAP 2000 system The measurement of surface area is based upon adsorption and 

30 desorption of Krypton gas at the surface and within the pores of the solid sample. The unit calculates and prints out the 
surface area: 

1 C*1 1 

VA[(Po^H] D V^C (P/P o) + v^C 



35 



50 



V = volume absorb at pressure P P 0 = saturation pressure 
P/P 0 = relative pressure P = pressure 
, C = constant A = gas cross sectional area 
40 Vm « Monolayer Capadty 



By plotting 



45 vs P/P 0 , the slope being 



1 



VAKPo/P)-! 



and the intercept being 



C-1 

v m c 



1 



the surface area 

V_NA 

55 s,--^- 

where N = Avogadro's number and V = molar volume. Reactant details and results are depicted in Table 1 and Table 2, 
respectively. 
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Table 1 



5 


Batch No. 


PLQA (grams) 


CH2CL2 (mL) 


Porosigen 
(typenb) 


PVA(mL) 


Impellers (top/btm) 


Stirring (rpm) 




4 
1 


10 


Of 


iMaUvOU 


l&UU 


^tlSllUl/M- 1 UU J 


clO 




2 


10 


err 

• of 




lcUU 


^rsrruv m- i uuj 




10 


3 


6.7 


67 


suc/50 


1200 


(2rshtn/A-100) 


215 


4 


67 


67 


NaO/50 


1200 


(2rshtn/A-100) 


235 




5 


16 


106 


suc/50 


2000 


(A-3107A310) 


140 




6 


20 


133 


suc/50 


2000 


(A-310/A310) 


140 


IS 


7 


20 


133 


suc/50 


2000 


(A-3107A-310) 


140 




8 


20 


133 


suc/50 


2000 


(8.5reh/A-310) 


100 




9 


20 


133 


suc/50 


2000 


(8.5rsh/A-310) 


140 


20 


10 


20 


133 


suc/50 


2000 


(2rshtn/A-100) 


140 



Table 2 



Batch No. 


Win 


Mw 


Dp 


Surface 
Area 
(nAg) 


Yield % 
250- 
710nm 


Density 
(gms/cc) 


1 


17500 


30800 


1.75 


0.54 


27.3 


0.41 


2 


19400 


31700 


1.64 


0.037 


71.6 


0.67 


3 


19700 


40900 


2.07 


0.089 


92.7 


0.70 


4 


20300 


37700 


1.86 


0.28 


69.5 


0.37 


5 


20400 


32600 


1.60 


0.035 


N/A 


N/A 


6 


20200 


37700 


1.86 


0.079 


79.5 


0.64 


7 








0.060 


85 


0.76 


8 








0.038 


85 


0.86 


9 








0.057 


65 


0.71 


10 


20200 


37700 


1.86 


0.060 


64 


0.68 



EXAMPLE 2 - PREPARATION OF POROUS PARTICLES BY SOLVENT EXTRACTION TECHNIQUE 

A 100-g sample of PLQA was dissolved in 670 mL of CH 2 C1 2 . The porosigen solution was prepared by dissolving 
so 5g NaC1 in 50 mL of a 0.2% aqueous solution of polyvinyl alcohol). A 50-mL aliquot of the porosigen solution was 
added to a homogenizer and agitated at 3300 rpm. The PLQA solution was then added to the homogenizer (with agi- 
tation). A77mM NaCI solution in 10 liter of 0.2% aqueous poly(vinyi alcohol) was added to a 12-liter reactor and, agi- 
tated at 1 75 rpm. The PLGAfcorosigen suspension was added to the reactor over 90 minutes. A 77 mM NaC1 solution 
in 0.2% aqueous poly(vinyl alcohol) was then pumped into and out of the 12-liter reactor, thereby extracting methylene 
55 chloride from the mixture. After solvent extraction was complete, agitation was stopped, the porous particles are 
allowed to settle, the supernatant was decanted, and the particles were hardened with ethanol (95%) followed by wash- 
ing with water or a solution of polysorbate 20 (0.05%) in water. The washed particles were dried by vacuum or convec- 
tion techniques. Particles prepared according to this procedure typically have 0.09 g/cc bulk density, and total surfac 
area = 4 rrfrg. The dried particles can be sterilized by ethylene oxide exposure or y irradiati n. As noted above, the y 
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radiation dose influences bioerosion rata Tab! 3 gives examples of porous particles prepared by the above process. 



Table 3 



Batch Na 


Homoge- 
nizer (rpm) 


Porosigen 

oOin, (nM-j 


Density 
(g/cc) 


Yield % 

loU- 

500 Jim 


1 


10,000 


50 


0.09 


80 


2 


3,500 


50 


0.15 


80 


3 


6,000 


50 


0.09 


95 


4 


3.000 


50 


0.10 


95 


5 


1,900 


50 


0.29 


90 


6 


2,200 


50 


0.10 


95 


7 


2,000 


50 


0.09 


99 


8 


2,000 


25 


0.14 


90 


9 


2,000 


12.5 


024 


90 


10 


2,000 


20 


0.28 


<75 


11 


2,000 


20 


0.18 


>75 


12 


2,000 


17.5 


0.16 


95 


13 


2,000 


15.5 


0.21 


94 


14 


2,500 


15.5 


0.17 


90 


15 


2,200 


15.5 


0.19 


90 



EX AM PLE 3 - S OLUBILIZATION QF PROTEIN 

35 

Solubility of rBMP-2 in the axctpients listed in Table 4 below was determined by dialysis in accordance with the fol- 
lowing. Concentrations were determined by absorbencies at 280 nm using an extinction coefficient of 1.62. Protein 
solution (1 mi) containing 2-3 mg/ml of protein, 0.5M arginine and 1 0mM phosphate (pH 6.5) was dialyzed against 1000 
ml of buffer containing 0.5M excipient erf choice (see Table 4) and 0.5M arginine, pH 6.5. The dialysis was carried out 
40 at room temperature. The exdpients were allowed to equilbrate with the protein solution. The protein solution was then 
dialyzed twice against 1000 ml of an arginine-less buffer solution of otherwise identical composition. Solubility results 
are presented in Table 4. Unless otherwise indicated, exdpients were tested at standard concentrations of 5G0mM. 
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Table 4 



5 


EXCIPIENT 


NET 
CHARGE 
(at neu- 
tral nl-H 

u til \**tf 


SOLU- 
BILITY 
(mg/rnl) 




t oJ 1 UJ ft/ Wl^lUlw owu 


n 




10 


o-amino vaiGnc bcxj 


u 


^A i4 




^pannnw vuiyriw auu 


n 

w 






p*arnino propionic scu 


A 

u 


SI .1 


15 


oiywn©*c>ycin© uipepuue 


n 
U 


>1 ft 


vaiycuiu 


A 

U 


•eft A 




Arginine 


1 + 


&5.4 




Lysine 


1 + 


£0.9 


20 


Guanidfrie 


1 + 


e1.8 




Glycine (ethyl ester) 


1+ 
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35 EXAMPLE 4 - IMPLANT ANALYSIS 

rBMP-2 (22 jig), mannrtol (8 mg), and epsilon aminocaproic acid (2M, 20jjU) were lyophilized onto the PLGA parti- 
cles (10 mg, 20% porosity, 325 mm). CMC (5.5 mg, -9%) was added and the solid powder was sterilized using ethylene 
oxide. Water for Injection (60 pi) was added to form a malleable implant of the composite. As a control, the same for- 
40 mutation was made without the CMC, in which case a gelatin capsule was used to hold the formulation in placa Both 
formulations were implanted in a 5 mm rat femur defect The rats were sacrificed after twelve weeks. Ex-vivo analysis 
of the new bone was performed radiographically relative to the contralateral femur. Surprisingly, 83% (10 of 12) of the 
femur defects showed union utilizing the formulations of the subject invention, compared with only 50% (4 of 8) for the 
control. 

45 

EXAMPLE 5 - IMPLANT ANALYSIS 

A 300-fiL aliquot of 0.12 mg/mL rBMP2 solution (in 0.25 M arginine, 10 mM histidine, pH 6.5, plus 20 mM calcium 
chloride) was added to 9.6 mg of porous particles (0.16 g/cc density, surface area = approximately 0.8 rrftg, sterilized 

so by 2.5 Mrad r racfiation). To this mixture was added 15 mg sodium alginata Gentle mixing provided a malleable com- 
posite. Similar formulations were made using 9 mg of hydroxypropylmethylcellulose or 9 mg carboxymethylcellulose 
except that the 0.12 mg/mL rBMP2 was solubilized in 0.25 M arginine plus 10 mM histidine, pH 6.5 (no added calcium 
chloride). As controls, malleable formulations were prepared with 0.25 M arginine plus 10mM histicfi ne containing 0 
mg/mL rBMP2. The formulations were implanted into 8 mm diameter critical size circular defects in rat calvarium. After 

55 21 days the animals were sacrificed and bone regeneration assessed by radiomorphometry (X-OMATL high contrast 
X-ray film, using Cambridge 520 Image Analysis System). The control samples for alginate, CMC, and hydroxypropyl- 
methyl-cellulose formulations, respectively, showed only 18%, 10% and 10%, radiopacrty. By comparison the alginate, 
CMC and hydroxypropylmethylcellulose formulations (with added rBMP2) showed, respectively, 72%, 70% and 67% 
radiopacity indicating significant new bone growth. 
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Claims 

Claims for the following Contracting States : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, MC, NL, SE 

5 1 . A composition comprising a pharmaceutical fy acceptable admixture of 

(i) an osteogenic protein; 

(ii) a polymer matrix component selected from the group consisting off poly(lactic acid). poly(glyco!ic acid), and 
copolymers off lactic acid and glycolic acid; and 

10 (I'D an osteogenic protein-sequestering alkyl-cellulose or an osteogenic protein-sequestering agent selected 

from the group consisting off hyaluronic add, sodium alginate, polyethylene glycol), poiyoxyethytene oxide, 
carboxyvinyt polymer, and polyvinyl alcohol). 

2. The composition off claim 1 , wherein the osteogenic protein is selected from the group consisting of the members 
75 off the BMP-family. 

3. The composition off claim 2, wherein the osteogenic protein is BMP-2. 

4. The corrposition off any one off claims 1 to 3 wherein the cellutosic material is selected from hydroxyprcpylmethyi- 
20 cellulose and carboxymethytceHutosa 

5. The composition of any one of claims 1 to 4, wherein the polymer matrix component is a copolymer off lactic acid 
and glycolic acid. 

25 6. The composition of any one of claims 1 to 5, wherein the polymer matrix component is in the form of porous parti- 
cles. 

7. The composition of claim 6, wherein the porous particles have a diameter of between about 150 and 850 Jim 
[microns] and a porosity such that the surface area of the particles is between about 0.02 and 4 m 2 /g. 

30 

8. The corrposition of any one of claims 1 to 7, wherein the osteogenic protein is TGF-p. 
9- The composition of any one of claims 1 to 7, wherein the osteogenic protein is Vgr-1 . 

35 10. The composition of any one of claims 1 to 7 ( wherein the osteogenic protein is OP-1 . 

11. The corrposition of any one of claims 1 to 7, wherein the osteogenic protein is selected from COP-5 and COP-7. 
Claims for the following Contracting States : ES, GR. 

40 

1 . A method lor the preparation off a composition wherein said method comprises combining 

(i) an osteogenic protein; 

(ii) a polymer matrix component selected from the group, consisting of pdyflactic acid), poly(glycolic acid), and 
45 copolymers off lactic acid and glycolic acid; and 

(iii) an osteogenic protein-sequestering alkyl-cellulose or an osteogenic protein-sequestering agent selected 
from the group consisting off hyaluronic acid, sodium alginate, poly(ethyiene glycol), polyoxyethylene oxide, 
caiboxyvinyl polymer, and polyvinyl alcohol). 

so 2. The method off claim 1 , wherein the osteogenic protein is selected from the group consisting off the members off the 
BMP-family. 

3. The method off claim 2, wherein the osteogenic protein is BMP-2. 

55 4. The method of any one off claims 1 to 3 wherein the cellulosic material is selected from hydroxyprcpylmethylcellu- 
lose and carboxymethylceilulose. 

5. The method of any one of claims 1 to 4, wherein the polymer matrix component is a copolymer of lactic acid and 
glycolic acid. 
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6. The method of any one of claims 1 to 5. wherein the polymer matrix component is in the form of porous particles. 

7. The method of claim 6, wherein the porous particles have a diameter of between about 150 and 850 nm [microns] 
and a porosity such that the surface area of the particles is between about 0.02 and 4 m?/g. 

a The method of any one of claims 1 to 7, wherein the osteogenic protein is TGF-p. 

9. The method of any one of claims 1 to 7, wherein the osteogenic protein is Vgr-1. 

10. The method of any one of claims 1 to 7, wherein the osteogenic protein is OP-1. 

1 1 . The method of any one of claims 1 to 7, wherein the osteogenic protein is selected from COP-5 and COP-7. 
PatentansprOche 

PatentansprOche fOr folgende Vertragsstaaten : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, MC, NL, SE 

1 . Zusammensetzung, umfassend ein pharmazeutisch vertrdgtiches Gemisch aus 

(i) einem osteogenen Protein; 

(ii) einer FWymermatrixkomponente, ausgewahtt aus Polymilchsaure, Polyglykolsaure und Copolymeren aus 
Milchsdure und Glykoteaure; und 

(iii) ein osteogenes Protein sequestrierender Alkylcellulose Oder einem ein osteogenes Protein sequestrieren- 
den Mittel, ausgewdrdt aus Hyaluronsflure, Natriumalginat Polyethylenglykol, Polyoxyethylencxid, Carboxyvi- 
nylpolymer und Folyvinylalkohol. 

2. Zusammensetzung nach Anspruch 1 , wobei das osteogens Protein ausgewahlt ist aus den Mitgliedern der BMP- 
Farrilia 

3. Zusammensetzung nach Anspruch 2, wobei das osteogene Protein BMP-2 ist 

4. Zusammensetzung nach einem der AnsprOche 1 bis 3, wobei das Cellulosematerial ausgewfthK ist aus Hydroxy- 
propytmethylcellulose und Carboxymethytcellulose. 

5. Zusammensetzung nach einem der AnsprOche 1 bis 4, wobei die Polymerrratrixkomponente ein Copolymer aus 
Milchsdure und Glykols&ure ist 

6. Zusammensetzung nach einem der AnsprOche 1 bis 5, wobei die Polymermatrixkomponente in Form von porOsen 
Partikeln vorliegt 

7. Zusammensetzung nach Anspruch 6, wobei die porOsen Partikel einen Durchmesser zwischen etwa 150 und 850 
jim (Mikron) haben und eine Porositat besitzen, so da8 die Oberf lache der Partikel etwa 0,02 bis 4 rr^/g betrflgt 

8. Zusammensetzung nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein TGF-p ist 

9. Zusammensetzung nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein Vgr-1 ist 

10. Zusammensetzung nach einem der AnsprOche 1 bis 7. wobei das osteogene Protein OP-1 ist 

11. Zusammensetzung nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein ausgewahtt ist aus COP-5 
und COP-7. 

PatentansprOche fOr folgende Vertragsstaaten : ES, GR 

1. Verfahren zur Herstellung einer Zusammenseteung, umf^end das Kcmibinieren 

(i) eines osteogenen Proteins; 

(ii) einer Polymermatrixkomponente^ ausgewahlt aus Polymilchsaure, Polyglykolsaure und Copolymeren aus 
Milchsdure und Glykolsflure; und 
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(ili) etner osteogenes Protein sequestrierenden Alkylcellulose Oder eines ein osteogenes Protein sequestrie- 
renden Mittels, ausgewahlt aus Hyaluronsaure. Natriumalginat Polyethylengrykol, Polyoxyethylenowd, Car- 
boxyvinylpolymer und Polyvinyl alkohol. 

5 2. Verfahren nach Anspruch 1 , wobei das osteogene Protein ausgewahlt rst aus den M'rtgliedern der BMP-Famflie. 

3. Verfahren nach Anspruch 2, wobei das osteogene Protein BMP-2 1st 

4. Verfahren nach einem der AnsprOche 1 bis 3, wobei das CeQulosematerial ausgewahlt ist aus Hydroxypropylme- 
10 thytceOulose und Carboxymethylcellulosa 

5. Verfahren nach einem der AnsprOche 1 bis 4. wobei die PolymenTiatnxkomponente ein Copolymer aus Milchs&ure 
und Gtfykolsaure ist 

is 6. Verfahren nach einem der AnsprOche 1 bis 5, wobei die Polymer matrixkonponente in Form von porfeen Partlkeln 
vorGegt. 

7. Verfahren nach Anspruch 6, wobei die pordsen Partikei einen Durchmesser zwischen etwa 150 und 850 jim 
(Mikronj haben und eine Porositat besitzen, so daB de Oberf lache der Partikei etwa 0,02 bis 4 nf/g betrdgt 

20 

8. Verfahren nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein TGF-p ist. 

9. Verfahren nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein Vgr-1 ist 
25 10. Verfahren nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein OP-1 ist 

1 1 . Verfahren nach einem der AnsprOche 1 bis 7, wobei das osteogene Protein ausgewahlt ist aus COP-5 und COP-7. 
Revendications 

30 

Revendications pour les Etats contractants sulvants : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, MC, NL, SE 

1 . Composition comprenarrt un melange pharmaceutiquement acceptable de 

35 (i) une prot6ine ostGogGnique, 

(ii) un composant de matrice potymfere choisi par mi le groupe comprenarrt de Tacide poly-(lactique), de Pacide 
poly-(gIycolique) et des copolymdres d'acide lactique et d'acide glycolique. et 

(iii) une alkyt-cellulose de sequestration de prot&ne ost6og6nique ou un agent de sequestration de prot&ne 
ost6og£nique choisi parmi le groupe comprenarrt de I'acide hyaluronique. de ('alginate de sodium, du pdy- 

40 (ethylene glycol), de I'axyde de polyoxy ethylene, un polymfcre carboxyvinylique et du poly-(vinyl-alcool). 

2. Composition suivant la revendication 1, caract6ris6e en ce que la proteine ost6og6nique est choisie parmi le 
groupe comprenarrt les elements de la famine des BMP. 

45 3. Composition suivant la revendication 2, caract6ris6e en ce que la proteine ost6og6nique est BMP-2. 

4. Composition suivant rune quelconque des revendications 1 & 3, caracteris6e en ce que la mati&re celtuiosique est 
choisie parmi ltrydraxypropytm6trrylceI!ulose et la carboocym6thylcellulose. 

so 5. Composition suivant Tune quelconque des revendications 16 4, caracteris6e en ce que le composant de matrice 
polym&re est un copolym&re cfacide lactique et d'acide glycolique. 

6. Composition suivant Tune quelconque des revendications 1 & 5, caract6ris6e en ce que le composant de matrice 
polym&re est sous la forme de particules poreuses. 

55 

7. Composition suivant la revendication 6, caract6ris6e en c que les particules poreuses ont un diamdtre compris 
entre environ 1 50 et 850 urn (microns) et une porosrtt telle que la surface specif ique des particules est comprise 
entre environ 0,02 et 4 rrfrg. 
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8. Composition suivant I'une quelconque des revendications 1 a 7, caractsrisse en ce que la proteins osteogenique 
estTGF-p. 

9. Composition suivant Tune quelconque des revindications 1 a 7, caracterisee en ce qu la proteins osteogenique 
5 est Vgr-1. 

10. Composition suivant Tune quelconque des revendications 1 a 7, caracterisee en ce que la proteins osteogenique 
estOP-1. 

io 11. Composition suivant Tune quelconque des revendications 1 a 7, caracterisee en ce que la proteins osteogenique 
est cnoisie parmi COP-5 et COP-7. 

Revendications pour las Etats contractants sulvants : ES, GR 

is 1 . Procede de fabrication cfune composition comprenant la combinaison de 

(i) une proteins osteogenique, 

(ii) un composant de matrice polymere chofei parmi le groupe comprenant de racide poly-(lactique) ( de racide 
poly-(glyoolique) et des copolymer es d*acide lactque et d acide glycolique, et 

20 (iii) une alkykiellulose de sequestration de proteine osteogenique ou un agent de sequestration de proteine 

osteogenique choisi parmi le groupe comprenant de racide hyaluronique, de ('alginate de socGum, du poly- 
(etnylene glycol), de roxyde de pdyoxyethylene, un polymere carbcocyvinylique et du poty-(vinyl-aJcool). 

2. Procede suivant la revendication 1 , caracterisee en ce que la proteine osteogenique est cnoisie parmi le groupe 
2$ comprenant les elements de la famille des BMP. 

3. Procede suivant la revendication 2, caracterisee en ce que la proteine osteogenique est BMP-2. 

4. Procede suivant rune quelconque des revendications 1 a 3, caracterisee en ce que la matters cellulosique est choi- 
30 sie parmi ITrydroxypropylmethylceflulose et la carboxymethylcellulose. 

5. Procede suivant I'une quelconque des revendications 1 a 4, caracterisee en ce que le composant de matrice poly- 
mere est un copolymere d'acide lactique et d'acide glycolique. 

35 6. Procede suivant I'une quelconque des revendications 1 a 5, caracterisee en ce que le composant de matrice poly- 
mere est sous la forme de particules poreuses. 

7. Procede suivant la revendication 6. caracterisee en ce que les particules poreuses ont un diametre compris entre 
environ 1 50 et 850 urn (microns) et une porosite telle que la surface specif ique des particules est comprise entre 

40 environ 0,02 et 4 mfrg. 

8. Procsds suivant Tune quelconque des revendications 1 a 7, caracterisee en ce que la proteine osteogenique est 
TGF-p. 

45 9. Procede suivant I'une quelconque des revendications 1 a 7. caracterisee en ce que la proteine osteogenique est 
Vgr-1. 

10. Procede suivant Tune quelconque des revendications 1 a 7, caracterisee en ce que la proteine osteogenique est 
OP-1. 

50 

11. Procede suivant I'une quelconque des revendications 1 a 7, caracterisee en ce que la proteine osteogenique est 
cnoisie parmi COP-5 et COP-7. 
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